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1. Procedure 
 
 A. N,N'-Dimesitylethylenediimine. A 500-mL, one-necked, round-
bottomed flask equipped with a magnetic stirring bar and a stopper is 
charged with 2,4,6-trimethylaniline (40.56 g, 0.300 mol, 2.0 equiv) and 
isopropyl alcohol (150 mL) (Notes 1, 2). Glyoxal (21.76 g of a 40% aqueous 
solution, 0.150 mol, 1.0 equiv) is weighed in a 250-mL Erlenmeyer flask 
(Note 3) and further diluted with deionized water (50 mL) and isopropyl 
alcohol (50 mL) (Note 2). This colorless mixture is briefly swirled. It is then 
poured into the aniline solution. The resulting solution is stirred for 24 h at 
room temperature. A bright yellow precipitate appears within a few minutes 
and progressively builds up. After 24 h, the suspension is filtered through a 
Büchner funnel, and the precipitate is washed with deionized water (2  100 
mL) (Note 4). It is spread out in a 20-cm diameter evaporating dish and 
dried in an oven at 40 °C under 30 mmHg vacuum until constant weight 
(Note 5) to afford 40.09 g (91%) of N,N'-dimesitylethylenediimine as a 
bright yellow solid (Note 6). 
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 B. N,N'-Dimesitylethylenediamine Dihydrochloride. A 500-mL, two-
necked, round-bottomed flask equipped with a magnetic stirring bar, a 
thermometer, and a solid addition funnel is charged with N,N'-dimesityl-
ethylenediimine (36.55 g, 0.125 mol, 1.0 equiv) and tetrahydrofuran (300 
mL) (Note 7). The bright yellow suspension is cooled to 0 °C internal 
temperature using an ice-water bath before sodium borohydride (18.92 g, 
0.500 mol, 4.0 equiv) is added in one portion (Notes 8, 9). Next, 
concentrated hydrochloric acid (21 mL, 0.25 mol, 2.0 equiv) is added 
dropwise at a rate such that the internal temperature remains between 12–15 
ºC, which took 40 min (Notes 10, 11). The resulting white suspension is 
further stirred for 30 min at 0 °C. It is then transferred into a 2-L, two-
necked, round-bottomed flask before 1 L of cold 3 M aqueous hydrochloric 
acid is added dropwise over a 30 min period of time (Note 12). The cooling 
bath is removed, and the off-white suspension is stirred for 1 h at room 
temperature. It is then filtered through a Büchner funnel. The white 
precipitate is washed with deionized water (3  200 mL) (Note 13). It is 
spread out in a 20-cm diameter evaporating dish and dried in an oven at 40 
°C under 30 mmHg vacuum until constant weight (Note 5) to afford 37.4 g 
(81%) of N,N'-dimesitylethylenediamine dihydrochloride as a white powder 
(Note 14). 
 C. 1,3-Dimesitylimidazolinium Chloride. Four 20-mL pressure vials 
each equipped with a magnetic stirring bar are individually charged with 
N,N'-dimesitylethylenediamine dihydrochloride (4.62 g, 0.0125 mol, 1.0 
equiv) and triethyl orthoformate (6.25 mL, 0.0375 mol, 3.0 equiv) (Note 15). 
The mixtures are mixed with a spatula until a homogeneous thick white 
paste is obtained. The vials are closed with screw caps equipped with a 
pressure sensor and a glass inlet tube ended by a sapphire window 
containing an optical fiber temperature sensor. The reaction mixtures are 
heated for 5 min at 145 °C in a monomodal microwave reactor (Note 16). 
After cooling to room temperature, the resulting beige-yellow suspensions 
are combined in a 250-mL beaker placed in an ice bath and each reaction 
vessel is rinsed with diethyl ether (2  12.5 mL), which is also added to the 
beaker (Note 17). The beige suspension is filtered through a Büchner funnel. 
The white precipitate is washed with diethyl ether (3  50 mL) (Note 17). 
The white precipitate is further purified by dissolution into hot acetonitrile 
(50 mL) (Note 18). The solution is allowed to cool to room temperature and 
then diethyl ether is added (200 mL) (Note 17). The resulting pale yellow 
suspension is filtered through a Büchner funnel. The white precipitate is 
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washed with diethyl ether (50 mL) (Note 17). The precipitate is spread out in 
a 20-cm diameter evaporating dish and dried in an oven at 40 °C under 30 
mmHg vacuum until constant weight (Note 5) to afford 13.5 g (79%) of 
1,3-dimesitylimidazolinium chloride as white microcrystals (Note 19). 
 
2. Notes 
 
 1. 2,4,6-Trimethylaniline (98%) was purchased from Aldrich and 
used as received. 
 2. Reagent grade isopropyl alcohol was obtained from EMD 
Chemical Inc. and used without any further purification.  
 3. Glyoxal (ca. 40% aqueous solution) was purchased from Aldrich 
and stored in a refrigerator at + 6 °C. 
 4. A second crop of yellow precipitate formed in the filtrate upon 
standing at room temperature for a few hours. It was filtered through a 
Büchner funnel and washed with deionized water (2  50 mL) to afford ca. 
0.75 g of N,N'-dimesitylethylenediimine (mp 156–157 °C) that was added to 
the first crop. Upon resting overnight under the fume cupboard, the filtrate 
afforded a third crop of dark yellow solid (ca. 2.3 g, mp 149–152 °C) that 
was discarded. 
 5. A vacuum oven (NAPCO, Model 5831 from Cascade TEK, 
Oregon) was used at 40 ºC under 30 mmHg vacuum. The submitters dried 
the product in open air under an IR lamp. 
 6. Spectral and analytical data for N,N'-dimesitylethylenediimine are 
as follows: mp 157 °C; IR (ATR) 2911, 1723, 1615, 1475, 1373, 1201, 
1139, 1031, 1012, 928, 850 cm
–1
; 
1
H NMR (400 MHz, CDCl3) : 2.16 (s, 12 
H), 2.29 (s, 6 H), 6.91 (s, 4 H), 8.10 (s, 2 H); 
13
C NMR (100 MHz, CDCl3) 
: 18.3, 20.8, 126.6, 129.0, 134.3, 147.5, 163.5; HRMS (ESI) m/z calcd. for 
C20H25N2
+
 ([M+H]
+
) 293.2012; found 293.2018; Anal. calcd for C20H24N2: 
C, 82.15; H, 8.27; N, 9.58; found: C, 81.98; H, 8.07; N, 9.54. 
 7. Tetrahydrofuran (99+%, stabilized) was purchased from Acros 
and used without any further purification. 
 8. Sodium borohydride (powder, 98%) was purchased from Aldrich 
and used as received. 
 9. The submitters note that the use of a smaller excess of sodium 
borohydride compared to N,N'-dimesitylethylenediimine led to significantly 
lower yields of N,N'-dimesitylethylenediamine dihydrochloride tainted with 
colored impurities 
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 10.  Hydrochloric acid for analysis (ca. 37% solution in water) was 
purchased from Acros and used as received. 
 11.  A strongly exothermic reaction takes place. During the addition of 
HCl, the reaction temperature slowly increases to 15 ºC within 5 min and 
then is maintained between 12–15 ºC by controlling the addition rate. 
 12. The 3 M hydrochloric acid was cooled in an ice bath to 0 ºC. The 
cold hydrochloric acid solution was then transferred to the dropping funnel 
in 50 mL batches and was added dropwise at such a rate that the temperature 
is maintained between 8–10 ºC. During the addition, hydrogen is evolved 
and frothing occurs. 
 13. A second crop of white precipitate formed in the filtrate upon 
standing at room temperature for a few hours. It was filtered through a 
Büchner funnel and washed with deionized water (2  50 mL) to afford ca. 
0.6 g of N,N'-dimesitylethylenediamine dihydrochoride (mp 224–225 °C 
(dec)) that was added to the first crop.  
 14. Spectral and analytical data for N,N'-dimesitylethylenediamine 
dihydrochloride are as follows: mp 224–225 °C (dec);  IR (ATR) 3424, 
3254, 2961, 2917, 2660, 2470, 2355, 1668, 1607, 1563, 1470, 1388, 1304, 
1219, 1200, 1190, 1136, 1034, 980, 900, 875, 851 cm
–1
; 1H NMR (400 MHz, 
DMSO-d6) : 2.25 (s, 6 H), 2.48 (s, 12 H), 3.71 (s, 4 H), 6.99 (s, 4 H); 13C 
NMR (100 MHz, DMSO-d6) : 17.9, 20.1, 45.8, 130.1, 131.4, 132.5, 137.0; 
HRMS (ESI) m/z calcd. for C20H29N2
+ ([M–H–2Cl]+) 297.2325; found 
297.2331; Anal. calcd. for C20H30Cl2N2: C, 65.03; H, 8.19; N, 7.58; found: 
C, 65.94; H, 8.69; N, 7.63.  
 15. Triethyl orthoformate (98%) was purchased from Aldrich and 
used as received. 
 16. An INITIATOR @Biotage, Serial No. 10662-17U Microwave 
reactor was employed. The maximum microwave power was set at 120 W 
and the pressure limit at 250 psi (17 bar). No ramp and no simultaneous 
cooling were applied. The submitters performed the microwave reaction in a 
single 80-mL pressure vial equipped with a magnetic stirring bar using a 
Discover® LabMate instrument (CEM Corp., Matthews, NC). The 
maximum microwave power was set at 120 W and the pressure limit at 250 
psi (17 bar). No ramp and no simultaneous cooling were applied. 
 17. Reagent grade diethyl ether was obtained from Fisher Chemical 
and used without any further purification. 
 18.  HPLC grade acetonitrile was obtained from EMD Chemicals Inc. 
and used without any further purification. 
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 19. Spectral and analytical data for 1,3-dimesitylimidazolinium 
chloride: mp 279–281 °C (dec); IR (ATR) 3642, 3348, 3213, 2848, 1623, 
1484, 1448, 1383, 1274, 1216, 1038, 869, 846 cm
–1
;
 1
H NMR (400 MHz, 
CDCl3) : 2.24 (s, 6 H), 2.32 (s, 12 H), 4.47 (s, 4 H), 6.86 (s, 4 H), 9.69 (s, 
1 H); 
13
C NMR (100 MHz, CDCl3) : 17.9, 20.9, 51.7, 129.7, 130.3, 134.9, 
139.9, 160.1; HRMS (ESI) m/z calcd. for C21H27N2
+
 ([M–Cl]
+
) 307.2169; 
found 307.2177; Anal. calcd. for C21H27ClN2: C, 73.56; H, 7.94; N, 8.17; 
found: C, 71.68; H, 8.19; N, 7.92. 
 
Safety and Waste Disposal Information 
  
All hazardous materials should be handled and disposed of in 
accordance with “Prudent Practices in the Laboratory”; National Academy 
Press; Washington, DC, 1995. 
 
3. Discussion 
 
 Imidazolinium salts are the most common synthetic precursors for 
generating saturated N-heterocyclic carbenes (NHCs), a new class of stable 
divalent carbon species that has already afforded a wealth of nucleophilic 
reagents, organocatalysts, and organometallic complexes, including optically 
active compounds.
2
 In particular, deprotonation of 1,3-dimesitylimidazol-
inium chloride with a non-nucleophilic strong base gives direct access to the 
important NHC nicknamed SIMes or H2IMes that serves as an ancillary 
ligand in the second generation Grubbs and Hoveyda–Grubbs metathesis 
catalysts, among other uses.
3
 
 The preparation of imidazolinium salts is usually achieved via 
condensation of an N,N'-disubstituted ethane-1,2-diamine and an inorganic 
ammonium salt with a triethyl orthoester in the presence of a catalytic 
amount of formic acid.
4
 Alternatively, a suitable ethane-1,2-diammonium 
salt may be used as a single starting material for the heterocyclic cation and 
its counteranion. In all cases, the orthoester serves both as a solvent and a 
reagent. Numerous variations of this experimental procedure have been 
reported in the literature.
5
 All of these reactions require prolonged heating 
under reflux conditions in order to reach satisfactory conversions. Thus, 
reaction times ranging between a few hours and a few days are commonly 
encountered, unless ethanol is distilled off the reaction medium to drive the 
cyclization more rapidly to completion.
6
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 Microwave-assisted organic synthesis (MAOS) has received increasing 
attention in recent years as a valuable technique for accelerating chemical 
reactions.
7
 The development of safe and reliable mono- or multimodal 
microwave reactors specifically designed for chemical applications has 
significantly reinvigorated time-honored laboratory practices. Condensation 
reactions leading to heterocyclic products are particularly effective under 
microwave irradiation conditions.
8
 
 In 2006, we disclosed a very simple and efficient procedure for the 
microwave-assisted synthesis of 1,3-diarylimidazolinium chlorides by 
cyclocondensation of N,N'-diarylethane-1,2-diamine dihydrochlorides with 
triethyl orthoformate (Table 1).
9
 The methodology was further extended to 
prepare a wide range of imidazolinium and tetrahydropyrimidinium salts 
bearing diverse aromatic and aliphatic substituents on the nitrogen and 
carbon atoms of the cyclic amidinium function. In these experiments, 
recourse to an amine free base together with an inorganic ammonium salt as 
starting materials provided an easy way to vary the nature of the counterion 
(Table 2).
10
 Indeed, bulky polyatomic anions such as BF4
–
, PF6
–
, TfO
–
, or 
Tf2N
–
 could be introduced directly using readily available ammonium salts, 
thereby eliminating the need for subsequent ion exchange. 
 The procedure described above is a preparative-scale application of our 
methodology starting from simple, commercially available reagents. Prior to 
the microwave-assisted cyclization, it involves the formation of N,N'-di-
mesitylethane-1,2-diamine dihydrochloride via condensation of glyoxal with 
two equivalents of mesitylamine, followed by reduction of the intermediate 
Schiff base with sodium borohydride under acidic conditions. All three steps 
proceed readily under normal atmosphere. Laboratory grade solvents and 
reagents taken straight from the bottles do not require any additional 
purification. The two intermediates and the final product are isolated in high 
yield and purity by simple filtration and washing and may be used without 
any further purification for most applications.  
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Table 1. Microwave-assisted synthesis of 1,3-diarylimidazolinium 
chlorides.
9 
Aryl Group Isolated Yield (%)
62
82
91
CH3
49
H3C 96
CH3
CH3
90
H3C
H3C
93
CH(CH3)2
CH(CH3)2
72
CH3
CH3
H3C 94
CH3
CH3
Br 98
N N Ar
H
Ar
Cl–
NH2 NH2 ArAr
Cl– Cl–
HC(OEt)3
5 min, 145 °C
microwaves
+ HCl + 3 EtOH
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Table 2. Microwave-assisted synthesis of cyclic amidinium salts.
10 
R1 R2 n X– Isolated Yield (%)
Me H 2 BF4
– 99
Me Me 2 BF4
– 87
Me Et 2 BF4
– 86
Me Ph 2 BF4
– 91
Me Ph 2 TfO– 85
Me Ph 2 Tf2N
– 54
Et H 2 BF4
– 92
2-Hydroxyethyl H 2 BF4
– 93
i-Pr H 2 BF4
– 78
t-Bu H 2 BF4
– 84
Mes H 2 F– 82a
Mes H 2 Cl– 68
Mes H 2 Br– 36
Mes H 2 I– 38
Mes H 2 NO3
– 66
Mes H 2 SCN– 82
Mes H 2 BF4
– 91
Mes H 2 PF6
– 93
Mes H 2 TfO– 40
Mes H 2 Tf2N
– 58
Me Me 3 BF4
– 94
Me Et 3 BF4
– 92
Me Ph 3 BF4
– 49
Me Ph 3 TfO– 95
Me Ph 3 Tf2N
– 77
Me H 3 PF6
– 93
Et H 3 PF6
– 93
i-Pr H 3 PF6
– 92
t-Bu H 3 PF6
– 93
Cyclohexyl H 3 PF6
– 90
(CH2)n
N N R1
R2
R1
X–
NH HNR1
(EtO)3CR
2
5 min, 145 °C
microwaves
+ NH3 + 3 EtOHR1
(CH2)n
a Starting from N,N'-dimesityl-1,2-ethanediamine dihydrofluoride.
+ NH4X
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Appendix 
Chemical Abstracts Nomenclature; (Registry Number) 
 
Mesitylamine: Benzenamine, 2,4,6-trimethyl-; (88-05-1) 
Glyoxal: Ethanedial; (107-22-2) 
N,N'-Dimesitylethylenediimine: Benzenamine, N,N'-1,2-ethane-
diylidenebis[2,4,6-trimethyl-; (56222-36-7) 
Sodium borohydride: Borate(1-), tetrahydro-, sodium; (16940-66-2) 
N,N'-dimesitylethylenediamine dihydrochloride: 1,2-Ethanediamine, 
N,N'-bis(2,4,6-trimethylphenyl)-, dihydrochloride; (258278-23-8) 
Triethyl orthoformate: Ethane, 1,1',1''-[methylidynetris(oxy)]tris- ; 
(122-51-0) 
1,3-Dimesitylimidazolinium Chloride: 1H-Imidazolium, 4,5-dihydro-
1,3-bis(2,4,6-trimethylphenyl)-, chloride (1:1); (173035-10-4) 
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